PMS/PMDD. 6, 7 In a previous study, we demonstrated a relationship between PMS/PMDD and earthquake-induced post-traumatic stress disorder (PTSD) 8 ; the prevalence rate of moderate to severe PMS/PMDD increased according to the comorbidity of PTSD.
Disasters such as major earthquakes cannot be predicted, so it is necessary to explore preventive measures for PMS/ PMDD on a routine basis. Several previous studies have noted the beneficial effects of educational programs on PMS/ PMDD, 9, 10 but there are few data about whether educational programs can prevent disaster-induced PMS/PMDD. This study used data from our previous school-based study to further investigate the effect of educational programs on PMS/PMDD. By chance, the study was conducted with firstyear students in one school before the earthquake; students in the second school had not received the program before the earthquake.
The aim of this study was to determine the positive effects of education on disaster-induced premenstrual symptoms.
Materials and methods

Study design and participants
This study was conducted in accordance with the principles outlined in the Declaration of Helsinki. The Tohoku University Institutional Review Board approved the study.
A school-based survey was conducted in November 2010 (n=1431) and December 2011 (n=1489) with a sample of Japanese female students who attended two comprehensive high schools in Sendai, an industrial city in northeastern Japan ( Figure 1 ). All the students gave written informed consent for themselves. This protocol was approved by the Tohoku University Institutional Review Board. These two schools were chosen because they are close to Tohoku University in Sendai city. We have conducted this survey annually since 2009, using a self-reported questionnaire to assess the prevalence and impact of premenstrual symptoms among Japanese students attending these schools. 3, 8, 11 The study questionnaires are distributed by the home room teacher, completed, sealed in envelopes, and collected in the class. In this study, we reanalyzed the data by school year and compared PMS/PMDD severity before and after the Great East Japan Earthquake to evaluate any changes.
First-year students in one school received an educational program on PMS/PMDD in July 2010. The program comprised a 30-min health education lecture. The content covered 1) physiology of female reproductive systems; 2) prevalence of PMS/PMDD; and 3) symptoms of and self-care treatments for PMS/PMDD. This lecture was set as a required course, and both girls and boys were in the classroom.
We made a hypothesis that the educational program on PMS/PMDD could prevent the disaster-induced premenstrual symptoms. Then we compared the change of the severity of PMS/PMDD with or without the education.
Questionnaire
We used the Premenstrual Symptoms Questionnaire (PSQ) to screen for premenstrual symptoms. The PSQ was developed in our previous study 12 and translates relevant Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria into a rating scale, with degrees of severity described in Japanese. The scale is essentially identical to the Premenstrual Symptoms Screening Tool. 13 The PSQ asked, "Within the last 3 months, have you experienced the following premenstrual symptoms starting during the week before menses and remitting a few days after the onset of menses?" The premenstrual symptoms listed in the PSQ are "Depressed mood," "Anxiety or tension," "Tearfulness," "Anger or irritability," "Decreased interest in work, home, or social activities," "Difficulty concentrating," "Fatigue or lack of energy," "Overeating or food cravings," "Insomnia or hypersomnia," "Feeling overwhelmed," and "Physical symptoms, such as tender breasts, feeling bloated, headache, joint or muscle pain, weight gain." The PSQ also asked whether these premenstrual symptoms interfered with "School work efficiency or productivity, home responsibilities," "Social life activities," or "Relationships with fellow students or family." The PSQ asked the girls to rate the severity of premenstrual symptoms as "not at all," "mild," "moderate," or "severe." We divided the girls into three groups according to premenstrual symptoms: a PMDD group, a moderate to severe PMS group, and a no/mild PMS group, based on previously reported criteria.
12,13
Statistical analyses
Statistical analyses were performed using Excel 2010 (Microsoft Corporation, Redmond, WA, USA) with add-in software Statcel 3 (OMS Inc., Tokyo, Japan). Statistical significance 
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Effect of an educational program on adolescent PMS was set at p<0.05. The Mann-Whitney U-test was used to test differences in the degree of severity of premenstrual symptoms and PMS/PMDD grade.
Results
First-year students in school A received the educational program on PMS/PMDD. The prevalence of each premenstrual symptom and induced interference with school work, usual activities, or relationships among these students did not change significantly between before and after the earthquake (Table 1 ). In addition, the severity of PMS/PMDD did not change significantly (p=0.261) (Figure 2A ). Among secondyear students in school A, the prevalence of each premenstrual symptom and induced interference with school work, usual activities, or relationships did not change significantly between before and after the earthquake (Table 2 ), but the severity of PMS/PMDD changed significantly (p=0.044) ( Figure 2B ). However, the first-and second-year students in school B (that did not receive the education program before the earthquake) showed an increased prevalence of each premenstrual symptom and induced interference with school work, usual activities, or relationships (Tables 3 and 4 ). In addition, the severity of PMS/PMDD changed significantly (p=0.037, p=0.001) ( Figure 2C and D).
Discussion
Our data suggest that the PMS/PMDD educational program, which was delivered just before the earthquake, may have prevented the worsening of stress-induced PMS/PMDD. Several previous reports have noted the beneficial effects of educational programs on premenstrual symptoms. 9, 10 The present study differs from these studies because we showed education had a preventative effect on PMS/PMDD progression. 
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Our data showed that the prevalence of each premenstrual symptom and PMS-induced interference among second-year students in school A (who received the education program) did not change significantly from before to after the earthquake. However, a more detailed analysis showed that some symptoms (e.g., "Tearful" and "Feeling overwhelmed") showed a worsening tendency (p=0.097 and p=0.070, respectively). Although these changes were not significant, the accumulation of worsening symptoms led to a change in PMS/PMDD severity. Compared with the worsening of symptoms/induced interference in school B, second-year students in school A were not as severely affected by the earthquake, even though they had not received PMS/PMDD education before the earthquake. The precise reason for this difference is unknown, but it may be possible that the teachers, including the school nurse, in school A had more knowledge about PMS/PMDD through the program delivered to first-year students and could therefore manage other students affected by the earthquake.
A German prospective longitudinal community survey showed that women with PMDD had more often experienced physical threat, sexual abuse, and severe accidents than non-PMDD women. 6 It may be possible that school-based educational programs on premenstrual symptoms could prevent trauma-induced PMS/PMDD in later life.
Our study had several limitations. The main limitation was that all data were self-reported, so the study was susceptible to recall bias. The second limitation was that our study design was retrospective. However, a natural disaster such as the great earthquake cannot be predicted, meaning a prospective study would be impossible to conduct. The 
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Effect of an educational program on adolescent PMS fact that such disasters cannot be predicted makes our data more valuable, as they provide unique insight into the effect of a major stressor on PMS/PMDD among adolescent girls.
Another limitation was that our data were limited to two high schools, and we cannot state with certainty that the sample was truly representative. However, these schools are comprehensive, so we consider that the data were obtained from a relatively general adolescent population in Japan. Natural disasters are increasing due to climate change, and the number of terrorist attacks is also rising. Stressinduced PMS/PMDD will therefore probably also increase in future. Education programs in schools could be a safe and cost-effective way of preventing or reducing it.
Conclusion
Educational programs on PMS/PMDD for adolescent girls may be useful to prevent stress-induced PMS/PMDD. Lessons from the Great East Japan Earthquake provide us with valuable data.
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